We studied differences in imaginary coherence (IC) of the gamma band between brain regions of female schizophrenia patients during the auditory oddball task using magnetoencephalography (MEG). Subjects were 12 right-handed female schizophrenia patients, who were evaluated by the Positive and Negative Syndrome Scales (PANSS). Functional connectivity during an auditory oddball task was reconstructed in low gamma (30 -50 Hz) and high gamma (50 -100 Hz and 100 -150 Hz) bands, and represented by IC using seeds determined by the significant oscillatory power changes obtained by event-related synchronization (ERS) and event-related desynchronization (ERD) power measurements. Gamma ERS (30 -50 Hz) power was decreased in the left precuneus at 500 -750 ms and in the right precuneus at 750 -1000 ms. IC in the gamma band (50 -100 Hz) was decreased between the right precuneus (seed) and right paracentral lobule (target) and between the right precuneus and right hypothalamus at 0 -250 ms. IC in the gamma band (100 -150 Hz) was increased between the left precuneus and right cuneus (Brodmann area 7) at 250 -500 ms, between the left precuneus and right culmen at 500 -750 ms, and between the left precuneus and right cuneus (Brodmann area 17), between the left precuneus and right posterior cingulate cortex, and between the left precuneus and right caudate nucleus at 750 -1000 ms. In the high gamma band (50 -100 Hz) at 0 -250 ms, significant positive correlations were shown between IC and conceptual disorganization in PANSS scores, between IC and unusual thought content score, and between IC and positive scale score. IC within the high gamma band in female schizophrenia patients showed two types of functional disconnection, intrahemispheric and interhemispheric. IC between the right or left precuneus and other specific cortical areas showed dysfunction, suggesting that the parietal lobe plays an important role in dysfunction in connectivity in the gamma band during the oddball task.
INTRODUCTION
Advances in magnetoencephalography (MEG) and electroencephalography (EEG) technology have made it possible to obtain noninvasive mapping of changes in large-scale networks during perceptual and higher cognitive processes. Study of event-related potentials (ERP) has revealed that gamma-band synchronization plays an important role in information processing in the networks of neurons in the brain [1, 2] . Gamma-band synchronization subserves numerous higher cognitive functions, such as visual stimulation [3, 4] , working memory [5] , and awareness and selection [6] [7] [8] [9] [10] [11] [12] . The pattern of synchronization flexibly determines the pattern of neuronal inte-ractions [13] , and may promote the transfer of relevant information between distinct brain systems [1, 14, 15] .
A number of studies have shown abnormalities of gamma-band oscillations and synchrony in schizophrenia patients using EEG and MEG. It has been hypothesized that these abnormalities in the gamma-band reflect neural circuit abnormalities in this disorder [16] . In one study [17] , schizophrenia patients had reduced EEG power at 40 Hz, reflecting selective deficits in early stage sensory processing in the auditory networks, which may reflect dysregulation of N-methyl-D-aspartate (NMDA) receptors. In another study [18] , synchronous gamma (40 Hz) activity was decreased overall in frontal areas and the left hemisphere in schizophrenia patients, and schizophrenia syndromes could be differentiated by distinct patterns of gamma disturbances: psychomotor poverty showed decreased left hemisphere synchrony; reality distortion was associated with increased right synchrony; and disorganization showed a widespread enhancement with a delay in frontal synchrony. Chronic schizophrenia patients have been reported to show reduced global functional connectivity in lower gamma phase synchrony [19] . First-episode schizophrenia patients showed a decreased magnitude and delayed latency for global early gamma (−150 ms to 150 ms post stimulus) in a conventional auditory oddball task [20] . Schizophrenic patients who had specific frequency deficits in the generation and maintenance of coherent gamma-range oscillations underwent auditory steady state event-related potential testing, where the stimulus-driven activity may reflect the capacity for integrated, bottom-up activity of auditory sensory network processing [21] . Abnormal oscillations and synchrony in beta and gamma bands in schizophrenia suggested selective deficiencies in the ability of cortical networks or cortico-thalamo-cortical loops to engage in precisely synchronized high frequency oscillations [22] [23] [24] [25] . Phase locking factor and evoked power were decreased at fronto-central electrodes during 40 Hz auditory steady-state responses in schizophrenic patients, suggesting the possibility of differential neural circuit abnormalities in the left and right auditory cortices [26] . Although function and generating mechanisms are unclear in the high gamma band , it has been suggested that the high gamma band is impaired in schizophrenia [27] . High gamma band activity is thought to have an important role for cortical computation through establishing correlation between the modulation of high gamma oscillations and specific cognitive functions, and impairment of high gamma activity has been reported in neuropsychiatric disorders such as schizophrenia [27] . Cross-frequency coupling between the high-and low-frequency bands of ongoing electrical activity modulates power in the high gamma (80 -150 Hz) band and provides a mechanism for effective communication during cognitive processing [28] [29] [30] [31] . Impairments in the high gamma band in schizophrenia have been linked to dysfunction in cross-frequency coupling [2] . Impairments in long-range synchronization in schizophrenia are probably related to changes in white matter volume and organization, because long distance synchronization of oscillatory responses is thought to be mediated by reciprocal cortico-cortical connections [2] .
The coherence hypothesis states that neuronal communication is mechanistically subserved by neuronal coherence, and activated neuronal groups oscillate and thereby undergo rhythmic excitability fluctuations that produce temporal windows for communication [32] . Synchronized firing between cells in different functional columns has been associated with rhythmic discharge in the gamma band , suggesting a functional link between gamma oscillations and response synchronization [4, 6, 7, 33] . In this study we calculated coherence as imaginary coherence (IC) to find functional connectivity in the gamma band between different brain regions.
A number of reports have demonstrated gender differences in ERP studies [34] found significant gender differences in the event-related field (ERF) pattern in semantic encoding of study words and interpreted this as an effect of sex-related hemispheric asymmetry. In studies of auditory processing, M100 sources in males were significantly more anterior on the superior temporal gyri than those in females, suggesting greater hemispheric lateralization in males compared to females [35] . We previously demonstrated gender-related differences in the gamma band, and reported increased activities in the left prefrontal and the right midline parietal, and decreased activities in males in the gamma band, compared to females. Near-infrared spectroscopy (NIRS) data in the visual and auditory task showed that males displayed a higher percentage of oxygen saturation of hemoglobin (%StO 2 ) in frontal brain areas; males also showed a higher increase in %StO 2 [36] . Gender differences in functional connectivity were also reported in gamma phase synchrony; female schizophrenia patients had more reduction in global functional connectivity than male patients, suggesting that additional breakdown in brain network connectivity may develop with illness chronicity in female patients [19, 37] . It is therefore prudent to separately examine female and male groups of psychiatric patients. We examined female schizophrenia patients in this study.
We examined IC in the gamma band between a seed and target points to study functional connectivity during the conventional auditory oddball task [38] . First, we obtained event-related synchronization (ERS) and eventrelated desynchronization (ERD) in the gamma band (30 -50 Hz, 50 -100 Hz and 100 -150 Hz) in order to acquire a seed of IC. High gamma ERS has exhibited func-tional response properties that have distinguished it from ERD/ERS phenomena [39] [40] [41] [42] [43] [44] [45] . Next, we obtained IC between brain regions. We have previously reported dysfunction in functional connectivity in low gamma and high gamma (50 -100 Hz) bands in male schizophrenia patients during the auditory oddball task, using the same methods of IC analysis as in this study. We found decreased IC between certain areas and correlations, between decreased IC and PANSS scores, suggesting that functional disconnection in gamma bands may play an important role in the auditory processing of male patients with schizophrenia [38] . The purpose of this study is to investigate changes in functional connectivity in the gamma band in female schizophrenia patients.
METHODS AND MATERIALS

Participants
Twelve right-handed female patients with schizophrenia (mean age, 30.9 ± 5.2 years) were examined (Table 1(a) ). The patients were diagnosed according to DSM-IV-TR criteria (American Psychiatric Association, 2000); five were inpatients and five were outpatients who had been medicated with neuroleptics for 2 -15 years. Their overall psychopathology was evaluated by the Positive and Negative Syndrome Scale for schizophrenia (PANSS) [46] . We tested for associations between coherence in the gamma band and PANSS score using correlation analysis. All patients were screened by medical history, laboratory testing, and Magnetic Resonance Imaging (MRI) or CT. Twelve healthy, right-handed female volunteers (mean age, 28.6 ± 5.4) without psychiatric illness were used as controls (Table 1(b) ). There were no significant differences in mean age between the patient and control groups. All subjects gave written informed consent after receiving oral and written explanations of the nature of the study.
Standard Auditory Oddball Paradigm
The standard auditory oddball paradigm was performed with a stimulus sequence in which the target tone was 2000 Hz with a probability of 20% and the non-target tone was 1000 Hz with a probability of 80% [38] . Both stimuli were delivered binaurally by a sound stimulator for a duration of 100 ms, rise/fall time of 10 ms, intensity of 80 dB SPL, and constant inter-stimulus interval (ISI) of 2.3 s. Subjects were asked to silently count the number of target stimuli. Three sessions were recorded, each consisting of about 20 target stimuli. Short breaks were given to the subjects between sessions, but head movement was not allowed during breaks. All subjects detected more than 90% of the stimuli.
MEG Recording
MEG data were recorded in a magnetically shielded room at Fujimoto General Hospital using a 160-channel whole-head MEG system (Yokogawa Electric Corporation, Kanazawa, Japan). The sensing coils in this system are 15.5 mm in diameter, with a 50-mm baseline and 23-mm separation between each pair of sensing coils. The subjects lay in a supine position with their eyes closed. MEG data were recorded through a 0.16 -200 Hz band-pass filter with a sampling rate of 1000 Hz. In order to confirm P300 activities, we also recorded the EEG using the international 10 -20 system for electrode placement.
Localization of Oscillatory Power Changes
To localize the ERD/ERS of low-gamma (30 -50 Hz) and high-gamma (50 -100 Hz and 100 -150 Hz) bands, oscillatory power changes in the current density between the active and baseline periods were calculated with 7-mm grid spacing by means of an adaptive spatial filtering [47] [48] [49] [50] using a single spherical volume conductor model based on the individual MRI. The baseline period was defined as the time between 250 and 0 ms before stimulus onset, and the active periods of interest were defined as continuously moving 250-ms windows from stimulus onset to 1000 ms after stimulus onset. The significance of oscillatory power changes across subjects was tested with Statistical Non-Parametric Mapping (SnPM) (http://www.sph.umich.edu/ni-stat/SnPM/). The functional images were normalized to template brain images created by the Montreal Neurological Institute (MNI) template in SPM8, and a paired t-test between groups (men and women) corresponding to target stimuli was performed using a nonparametric pseudo-t statistic incorporating variance smoothing with a Gaussian kernel (full width at half maximum) of 20 mm. Voxels with differences at p < 0.05 (FWE) were considered statistically significant. Three-dimensional images were made on the MNI template brain using MRIcroGL (http://www.cabiatl.com/mricrogl/), and visualized as lateral (R-LAT and L-LAT), superior (SUP), anterior (ANT), posterior (POST), and medial (R-MED and L-MED) images. We used BrainMap GingerALE Version 2.1 software to transform from MNI coordinate to Talairach coordinate system and from Talairach coordinates to Brodmann areas. The Talairach software, generally known as Talairach Daemon, was created and developed by Jack Lancaster and Peter Fox at the Research Imaging Institute of the University of Texas Health Science Center San Antonio (UTHSCSA). The voxels which had a significant ERD or ERS were adopted as seed (reference) points for functional connectivity analysis described in the next section. 
Functional Connectivity Analysis
After we acquired areas with an abnormal ERD/ERS ratio on the ERD and ERS power map, we used these abnormal regions as seed points for IC (Figure 1) . Next, target points were manually searched on the basis of the seed point, and IC between the seed and target points was calculated. As a measure of functional connectivity, we adopted IC to remove the spurious coherence caused by leakage associated with our imaging algorithm [51, 52] . IC is sensitive to only the synchronizations of two processes that are time-lagged to each other. IC was calculated using seeds (reference points) based on the group analysis results in which oscillatory power changes were observed [38] . The active periods of interest were defined as the continuously moving 500-ms windows from stimulus onset to 1250 ms after stimulus onset. For source reconstruction, we used the same adaptive spatial filtering and voxel spacing as for localization of oscillatory power changes. We used a short-time Fourier transform with a Hanning window for spectral estimation. Group analysis was performed using the same procedure as localization of oscillatory power changes.
RESULTS
Oscillatory Power Changes
Female patients with schizophrenia showed differences in ERS power in the gamma band (30 -50 Hz) compared to normal female controls at an FWE corrected p < 0.01 significance level, using a SnPM paired test during the auditory oddball task (Table 2, Figure 1 ). Patients showed decreased gamma ERS power in the left precuneus (Brodmann area 7) at 500 -750 ms, and in the right precuneus (Brodmann area 7) at 750 -1000 ms (Figure 1 ; Table 2 ). ERD power maps in gamma bands showed no significant differences between patients and control subjects.
Functional Connectivity
IC between seeds and targets was significantly different between patient and control females during the auditory oddball task (FWE: p < 0.05) (Table 3, Figure 2 ). There was decreased IC in the gamma band (50 -100 Hz) between the right precuneus (Brodmann area 7) (seed) and the right paracentral lobule (Brodmann area 5) (target) and the hypothalamus (target) within the time window 0 -250 ms. Increased IC in gamma band (100 -150 Hz) was found between the left precuneus (seed) and the right cuneus (Brodmann area 7) (target) at 250 -500 ms, and between the left precuneus (seed) and the right culmen (anterior cerebellar lobe) (target) at 500 -750 ms. Finally, at 750 -1000 ms, increased IC was observed between the left precuneus (seed) and the right cuneus (Brodmann area 17) (target), between the left precuneus (seed) and the posterior cingulate cortex (PCC) (Brodmann area 23) (target), and between the left precuneus (seed) and the right head of the caudate nucleus (target).
Correlation between IC and PANSS Scores
Significant correlations between PANSS scores and IC in the high gamma band (50 -100 Hz) were shown between the right precuneus and right hypothalamus areas during the auditory oddball task. These significant positive correlations were between conceptual disorganization in PANSS scores and IC (r = 0.746, p = 0.005) (Figure  3(b) ), between unusual thought content in PANSS scores and IC (r = 0.746, p = 0.005) (Figure 3(c) ), and between the positive symptoms scale in PANSS and IC (r = 0.728, p = 0.007) (Figure 3(d) ).
DISCUSSION
IC dysfunction in female schizophrenia patients involved two types of neural connectivity dysfunction: with- in-network disconnection in the right hemisphere and between-network connectivity across both hemispheres. In the right hemisphere, IC in the high gamma band (50 -100 Hz) was decreased between the precuneus and paracentral lobule and between the precuneus and hypothalamus within the time window of 0 -250 ms. On the other hand, IC in the high gamma band (100 -150 Hz) showed inter-hemispheric dysfunction, which was increased between the left precuneus and right cuneus (Brodmann area 7) at 250 -500 ms, and between the left precuneus and right culmen at 500 -750 ms. At 750 -1000 ms, IC was increased between the left precuneus and right cuneus (Brodmann area 17), between the left precuneus and right PCC, and between the left precuneus and the right head of the caudate nucleus. These results suggested that the correlation between the two hemispheres and parietal lobe, including the right and left precuneus, play principal roles in functional connectivity dysfunction in female schizophrenia.
Precuneus
In the study of ERD and ERS power, female schizophrenia patients showed decreased low gamma (30 -50 Hz) band ERS power in the left precuneus (Brodmann area 7) at 500 -750 ms, and in the right precuneus (Brodmann area 7) at 750 -1000 ms during the conventional oddball task (Figure 1, Table 2 ). These findings suggested decreased ERS power in the low gamma band in the right and left precuneus, but with differences in reaction times. These findings were characteristic of female schizophrenia patients. Gamma ERS has been implicated in the coordination of activity between distributed neuronal assemblies in the service of sensory registration of stimuli and perceptual binding of their features, and schizophrenia patients have demonstrated deficits in the magnitude and/or phase synchrony of stimulus-evoked gamma oscillations [53] . Gamma ERS during sentence-level language comprehension has previously been linked with semantic unification, and increased gamma power was related to the predictability of an upcoming word based on the preceding sentence context [54] . Gamma ERS was associated with cortical activation while imagining the movement of body parts, and appeared to be located near somatosensory and motor areas [55] . The decreased ERS observed in the present study may be related to dysfunction in imagining the movement of body parts and sentence-level language comprehension in schizophrenia. The precuneus was functionally divided into three regions: the anterior, central, and posterior precuneus. The anterior precuneus was functionally connected with the superior parietal cortex, paracentral lobule, and motor cortex. The central precuneus was functionally connected to the dorsolateral prefrontal, dorsomedial prefrontal, and multimodal lateral inferior parietal cortex. The posterior precuneus was functionally connected to the adjacent visual cortical regions. These functional connectivities were differentiated from the more ventral networks associated with the posterior cingulate, which is connected with limbic structures [56] . Posterior parietal cortex function has been observed to influence space-based attention and motor intention, and to have prominent response properties associated with memory, which may arise through interactions with medial temporal cortex [57] . Schizophrenia patients showed significantly reduced activation in the gamma frequency band in the posterior region of the medial parietal cortex during an eyes-closed resting state in an MEG study [58] . Patients in another study showed differences in the precuneus and superior parietal, including hippocampus, parahippocampus, thalamus, and midbrain regions in the gamma band during standard pattern reversal stimulation, compared to control subjects [59] . Disturbances in self-referential and self-other discriminative processing were identified as a symptom in schizophrenia, and were related to the widely distributed neural fronto-temporal-parietal cortical network [60] . Recent developments in functional connectivity MRI (fcMRI) showed reduced functional connectivity to the parietal lobe, posterior cingulate cortex, thalamus, and striatum, and dysfunction in the frontoparietal network for various tasks requiring executive control in schizophrenia [61, 62] . In our study, dysfunction in IC between the precuneus bilaterally and other regions sug-gested dysfunction in complicated functional connectivity in large scale networks in schizophrenia.
Hypothalamus
IC between the right precuneus and right hypothalamus was also decreased in the gamma band (50 -100 Hz) at 0 -250 ms, and showed a significant positive correlation with conceptual disorganization, unusual thought content, and the positive symptoms scale in PANSS. Hypothalamic abnormalities in schizophrenia were associated with endocrine dysfunction the stress response and the hypothalamic-pituitary-adrenal (HPA) axis [54] . Patients with schizophrenia spectrum had a larger pituitary volume (larger in female than male patients), reflecting hyperactivity of the HPA axis, which may be related to a common vulnerability to stress in patients [63] . Dysregulation of HPA axis activity can be detected not only in depressed but also in schizophrenic patients [64, 65] , and the hypothesis of HPA axis hyperactivity in schizophrenia was supported by an experiment using a neurodevelopmental model of schizophrenia in rats [66] . HPA axis activity is associated with the severity of multiple types of symptoms in first-episode psychosis, and patients' diagnosis and clinical phase partially influence these associations [67] . Tognin et al. reported abnormally increased sizes of the hypothalamus and the mammillary bodies in schizophrenia, and that mammillary body volumes were associated with negative symptoms and anxiety, suggesting that the mammillary bodies with respect to the levels of related hormones may have an important role in modulating HPA axis in schizophrenia [68] . Our ability to interpret the present findings of decreased IC between the right precuneus and right hypothalamus in the high gamma band (50 -100 Hz) within the 0 -250 ms time window, and the significant positive correlations with conceptual disorganization and unusual thought content, are limited by the observational nature of our data. It is difficult to identify whether differences are due to schizophrenia proper or secondarily caused by reactions to psychiatric symptoms.
Cerebellum
In the high gamma band (100 -150 Hz), IC was increased in patients compared to control females, including IC between the left precuneus and right cuneus (Brodmann area 7) at 250 -500 ms, IC between the left precuneus and right culmen at 500 -750 ms, and IC between the left precuneus and right cuneus (Brodmann area 17). Findings from studies in schizophrenia patients support the role of cerebellar impairment [69] . Neuropathological and neuroimaging studies linked cerebellar abnormalities with the widespread neuropsychological deficits in schizophrenia [70] , and the cerebellum plays a key role in the cognitive dysmetria hypothesis of schizophrenia [71] . A disruption in the cortical-thalamiccerebellar-cortical circuit (CCTCC) leads to impairment in synchrony, or the smooth coordination of mental processes, and produces a diversity of symptoms. Though structural connectivity was impaired in the cerebellum, it was not local to any particular tract but appeared to have a wider, possibly global, distribution [72] . The neocerebellum is reported to play an important role in emotion, language, working memory, and executive functions [73] , and focal cerebellar lesions caus cognitive and affective impairments [74, 75] . A functional MRI (fMRI) study showed that the neocerebellum, particularly crus I and II, made contributions to parallel cortico-cerebellar loops involved in executive control, salience detection, and episodic memory/self-reflection, and the largest portions of the neocerebellum took part in the executive control network implicated in higher cognitive functions such as working memory [76] .
Schizophrenia patients showed impaired functional connectivity between the cerebellum and several leftsided cerebral regions, including the hippocampus, thalamus, middle cingulate gyrus, triangular part of the inferior frontal gyrus, supplementary motor area, and lingual gyrus in two fMRI studies [77, 78] . Neural disruption in the superior cerebellar peduncle was found in patients with schizophrenia in a diffusion tensor imaging (DTI) study [79] , which may be involved in the cognitive abnormalities in schizophrenia. The bilateral cerebellum showed reduced functional connectivity to some regions, such as bilateral middle cingulate cortex and right paracentral lobule including left middle temporal gyrus, right thalamus, and bilateral cerebellum in schizophrenia patients in an fMRI and DTI study [78] . Another fMRI study showed that cerebellar-thalamic disconnections were the most prominent and were common to all cognitive-related networks, whereas cortico-cerebellar connectivity involved both an increase and decrease in functional connectivity, and depended more on the nature of the specific network [80] . These reports suggested that the functional disconnection and damaged anatomical connectivity between the cerebellum and other regions was related to dysfunction in schizophrenia. This functional disconnection may be related to disruption in the CCTCC, which may lead to impairment in synchrony and may cause cognitive dysmetria, and the impairment in this basic cognitive process defines the phenotype of schizophrenia and produces its diversity of symptoms [71] . Increased IC between the left precuneus and right cerebellar regions in female schizophrenia patients may be involved in disruption in the CCTCC.
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creased in the gamma band (100 -150 Hz) at 750 -1000 ms. The PCC has dense connectivity with the precuneus through the supramarginal gyrus, and the frontal pole through the caudal anterior cingulate cortex in the large-scale structural brain networks [81] . The PCC is a central part of the structural core of the brain as well as part of the default mode network, and plays a role in modulating the dynamic interaction between the cognitive control network and default mode networks [82] . That the PCC mediates exteroceptive vigilance is consistent with the idea that the PCC is part of the default network of brain areas associated with control of task engagement [83] . Bilateral PCC, including bilateral medial cingulate cortex, bilateral parahippocampal gyrus, left angular gyrus, left supramarginal gyrus, left lateral precuneus, and left occipital cortex, has been reported to show indistinguishable activity during future and past tasks [84] . Momentary lapses in attention that frequently impair goal-directed behavior were related to a failure to maintain deactivation during externally directed tasks, and longer reaction times were associated with increased target related activity in several regions of the defaultmode network, including the PCC, the precuneus, and the middle temporal gyrus [85] . The selective vulnerability of the posterior cingulate and precuneus has been suggested in diverse conditions, such as carbon monoxide poisoning, diffuse brain ischemia, Alzheimer disease, and pharmacologically induced animal models of schizophrenia [86] . Disconnection between the right PCC and the left precuneus may be related to vulnerability in these regions, and to dysfunction in the dynamic interaction between the cognitive control network and default mode networks in schizophrenia.
Caudate Regions in the Right Hemisphere
IC between the left precuneus and right caudate regions was increased in the gamma band (100 -150 Hz) at 750 -1000 ms. In an fMRI study during use of working memory, schizophrenia patients showed a critical dysfunction in cortico-striatal connectivity, underpinning information retrieval, and positive performance-related cortico-striatal functional connectivity between the right caudate and the right dorsolateral prefrontal cortices was absent [87] . Schizophrenia patients showed smaller clusters of greater amplitude of low-frequency fluctuations in the caudate, including the frontal, temporal/insular regions, putamen, and hippocampus, in an fMRI study in a resting state [88] . A regional homogeneity (ReHo) method combined with resting-state fMRI showed that ReHo abnormalities in schizophrenia were frequency-dependent in the inferior occipital gyrus and caudate body, suggesting abnormality in brain oscillation [89] . These findings suggested that dysfunction in the caudate nucleus is involved in cortico-striatal functional connectivity.
CONCLUSIONS
In conclusion, decreased and increased IC in the high gamma band (50 -100 Hz or/and 100 -150 Hz) within a particular time window reflect disturbances in brain dynamics in large-scale coordination in the brain of female schizophrenia patients during the auditory oddball task. The neural connectivity dysfunction was interpreted by the disconnection hypothesis of schizophrenia proposed by Friston [90, 91] . Friston presented the functional architecture in hierarchical terms, based on (bidirectional) coupling, such as visual cortex, superior temporal sulcus, prefrontal cortex, PCC, posterior parietal cortex, angular gyrus, and frontal eye fields [92] . In the present study, the posterior parietal region (right and left precuneus) played a principal role in connectivity dysfunction of the functional architecture. In addition, this connectivity dysfunction was related to 3 gamma band oscillations (30 -50 Hz, 50 -100 Hz and 100 -150 Hz) and 4 time windows (0 -250 ms, 250 -500 ms, 500 -750 ms and 750 -1000 ms), suggesting that temporal factors played an important role in the connectivity dysfunction. Therefore, in the investigation of functional disconnection, it is necessary to consider not only space but also time. In particular, IC between two seeds (right and left precuneus) and any targets in the brain was associated with both temporal and spatial parameters. IC between the right precuneus and right hypothalamus in the high gamma band (50 -100 Hz) at 0 -250 ms showed positive correlations with conceptual disorganization, unusual thought content, and positive symptoms scale in PANSS. This suggested neural connectivity dysfunction in the high gamma band associated with clinical symptoms of female schizophrenia. However, we only examined IC between two seeds (right and left precuneus) and targets in other regions, and did not examine seeds other than the right and left precuneus. Further investigation of IC between other seeds and targets may show another IC dysfunction. In addition, all patients were treated with neuroleptics, which may have affected the present results. Altered coherences in the gamma band may be related not only to the pathophysiology of schizophrenia in female patients but also to effects of medication. In addition, it was unclear whether these changes are primary or secondary, and whether there are network-specific disconnections or dysfunction in multiple networks in schizophrenia. Although this study does not have an answer to these complicated problems, our study demonstrated that dysfunction in coherence in the high gamma band within a particular time window plays an important role in the pathophysiology of schizophrenia in female patients. Multidimensional study of the gamma band is expected to open a new avenue for clarifying the relationship be-tween brain pathophysiology and schizophrenic symptomatology.
